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Single-particle Energies and Wave
Functions are needed

 To understand the observed properties of very
heavy nuclei. In particular, the alpha decay of odd-
mass and odd-odd nuclei.

* Provide data to test theoretical single-particle
models.

—  Nucle1r with Z <100

« Sufficient quantities available for decay scheme studies and
transfer reactions

« Detailed spectroscopy possible
—  Nucle1 with Z > 100

*  Only few atoms produced. Detailed spectroscopy not possible.
Theoretical models and data in lower-Z nuclei used to understand
their structures.
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Best approach for Nuclear Structure
Studies

 Combine Decay scheme data and One-
nucleon Transfer reaction data

* Decay scheme provides spin, parity, K
quantum number, single-particle matrix
elements

* One-nucleon transfer reaction gives the
amplitudes of the wavefunctions
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255

Sensitivity ~ 1x 1078 photons / “““Fm o decay
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AML-P-22,566

Production of Heavy Elements in HFIR Reactor
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Production of Actinide Elements at
High Flux Isotope Reactor (HFIR) at ORNL

Californium 2490t (351 y) 15%
Fraction 250
Cf ( 13y) 17%
2516t (900 y) 6%
252¢t (2.6 y) 62%
et fiz.ad)
B_
253
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~10 ug (~250 mCi)

253
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Experiments

« Three samples of 2>°>Fm (20 h) ~1 mCi each

¢ One sample of >3Es (20 d) ~20 mCi (~1 GBq)
— Obtained from ORNL 1n 1998, 2000, and 2003

* Measured:
— Gamma singles with Ge and LEPS detectors

— Gamma-gamma coincidences with
GAMMASPHERE at ANL:

—25Fm in 1998
—253Es in 2003
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Gamma single spectrum

e Can see gamma rays with intensities
about 1x10-® photons per decay
Interference
« Gamma rays from fission branch of %>°Es

 Gamma rays from (a, p) reactions on light elements
like N, °F, **Na, %*Si.
— These gamma rays were identified by placing Es on
different materials.
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gamma-gamma coincidences with

Gammasphere
* Very sensitive
e Can see gammas with intensities
~1x10-8 photons per decay
But!

* Residual activities from previous in-beam
experiments.

48y 52Mn, 56Co, 56Ni, 58Co

e Strong Compton-Compton peaks from higher
energy gamma rays

Pioneering . Office of Sci
Science and July 29,2004 U.S. Depa rtm t 6
Technology of Energy




N -
< -
S v— singles
40000 — © —
o
To)
@
To)
0
i K] i
o
™
Y
&
30000 — —
9p)
'_
prd
) | |
O
@)
20000 — —
N
= o
LWJ 3 3
10000 — | 8 o
| N
N~
©
|
I I I I I I I
540 560 580 600 620 640 660 680
ENERGY (keV)
Pioneering Office of Science r 2
Science and July 29,2004 U.S. Department §
Technology of Energy /‘4




COUNTS

(5/27) 934.8 e
(3/27) >
200 — 899.8 el |
227.0
52 5 v 672.8
5/27[523
150 7 712" 428.9¢ B
",
52 389.17
5/2%[642]
1 Q
N
N~
100 — ©
9/2~ 137.72
712= 82.61
5[2—Y 39.63 r
32— 878 712" 0 =
50 312 1521] 7/2%[633] * 8 B
o L
249 o))
*
*
O — —
I I I I I I I
540 560 580 600 620 640 660
ENERGY (keV)
Pioneering Office of Science 2
! 0 . ’
Science and July 29,2004 U.S. Department 5
Technology of Energy b




249Bk Levels

¢ 2YCm (64 min) decay
ground state: 1/2 [620]
I=1/2, 3/2 populated
« 2>3Es (20 d) alpha decay
Spin, parity deduced
¢ 28Cm (o,t), >***Cm (°He, d) reactions

single-particle character deduced
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ANL-P-22,569
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Target : 15 pg/cm 2

Resolution (FWHM) ~ 16 keV Phys. Rev. C17, 2163 (1978)
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COUNTS / CHANNEL

Phys. Rev. C 61, 044301 (2000)
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Nucl. Phys. A563, 21 (1993)
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Summary

» Use of decay data and one-nucleon transfer
reaction data have enabled us to determine the
single-particle energies and wavefunctions in very
heavy actinide nuclei.

— Neutron orbitals up to N=162 identified
— Proton orbitals up to Z=101 identified

* The single-particle energies and wavefunctions are
reproduced by a single-particle model calculation
using a deformed Woods-Saxon potential.
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